Abstract-There is a great deal of knowledge in requirement elicitation process (REP), because there are different stakeholders with various knowledge backgrounds. Different backgrounds of knowledge lead to different ways of knowledge expression that negatively affect knowledge understandability and cause ambiguity. Knowledge ambiguity results in incorrect interpretation of knowledge and requirements. On the other hand, different stakeholders have different needs and expectations from the software to be developed. This problem causes conflicting information and also negatively affects the correctness of knowledge.
In REP stakeholders consist of two groups of clients and developers. Each group expresses its needs in their own terms because the knowledge possessed by each team is different [II] [IS]; the knowledge possessed by clients is generally in business domain whereas the developers knowledge is mainly about SD and technical issues [16] [17] . Different areas of knowledge lead to different ways of knowledge understanding and expression and cause ambiguity which negatively affect knowledge understandability [18] [17] . Ambiguity in knowledge results in incorrect interpretation of knowledge and requirements and affects knowledge correctness [17] . Furthermore, different stakeholders have different needs and expectations trom the software to be developed [17] . Thus, different requirements leads to conflicting information [19] [9] . Conflicting information negatively affects the correctness of knowledge. Different expectations also leads to undefined scope because each stakeholder's expectation may fall in different scopes [13] . In addition, stakeholders ignore mentioning some knowledge because they think it is obvious or their requirements change over time, this negatively affects completeness of knowledge in REP. Tacitness of knowledge on the other hand, contributes to incomplete knowledge flow [20] . As mentioned, REP faces problems regarding knowledge. To allay these problems it is needed to identity and assess the knowledge. Thus, KA is necessary since it aims to answer these questions: what knowledge exists and what knowledge is missing as well as to assess the knowledge in terms of completeness, correctness and understandability [21] [22] [23] . However, there are many researches regarding KA, yet there is inadequate research regarding KA in REP. Likewise, there is not adequate research regarding the process of knowledge assessment in KA. Therefore, this research introduces a knowledge KA model to support knowledge communication among stakeholders and to assess the knowledge in REP. This paper is organized as follows: the second section presents the related literature in KA as well as the importance ofKA in REP, along with discussion related to existing studies of knowledge in REP. The third section presents and describes the KA model for REP; and the last section is the conclusion and future work.
IT. LITERATURE REVIEW

A. Knowledge Audit
KA is a process of analysis and assessment of knowledge sources, structures and flow. KA involves several processes such as knowledge acquisition, knowledge flow analysis, knowledge inventory analysis and knowledge mapping [24] [25] [23] . Knowledge acquisition discovers the existing and the missing knowledge. Knowledge inventory analysis provides the knowledge inventory and identifies and locates the knowledge sources. Knowledge flow analysis determines the relationship between the knowledge and knowledge sources, and also identifies how knowledge and knowledge sources are moving across the organization. Knowledge mapping on the other hand, visually represents the knowledge, knowledge sources, knowledge flows and constraints. However, three processes of knowledge inventory analysis, knowledge flow analysis and knowledge mapping were integrated together [26] [1]. On the other hand, process of knowledge assessment is considered as one the main processes of KA [1] [23] . Therefore, the KA processes can emerge as it is depicted in Fig. I [30] . One of the drawbacks of KA is the 107 process of knowledge assessment because there is a lack of standard way to assess knowledge as intellectual capital [33] . Knowledge assessment is mostly conducted in a subjective method [34] [1] [23] [35] . This subjective method asks the respondents to rate on the knowledge of the knowledge sources based on criteria including significance, complexity, credibility and response time on a scale from one to five [1]. The same method was again used to assess the knowledge in terms of detail level, update level, and the frequency of knowledge usage [36] . However, this method can be prone to error because of its subjective nature. Some studies employed social network analysis (SNA) for knowledge assessment [33] [37][34] [26] [1]. From the knowledge map, an individual's connections with other parties can be visualized. SNA can be used to assess the roles of the actors in the network (i.e. knowledge suppliers, knowledge customers and knowledge brokers) by specitying scientific values of ratios considering the communication relations in groups. With the help of SNA softwares, the level of network activity for each actor is automatically measured [38] . However, SNA does not assess the characteristics of knowledge.
B. The Importance of Knowledge Audit in Requirement
Elicitation Process A great deal of knowledge is involved in REP which is referred to as requirements knowledge [11 ] [39] . This knowledge exists in different activities of REP which are requirement discovery, classification, prioritization, and specification [9] . Requirement discovery is the first and one of the most knowledge demanding activities of REP, because developers interact with clients. The domain knowledge from clients and developers ' technical knowledge should be used to enlighten the stakeholders to discover the requirements [18] . Tn addition, the infrastructure knowledge is needed in this phase to facilitate the communication of developers and clients. Tn requirements classification the unstructured collection of requirements are grouped into coherent clusters [9] . Hence, developers need the knowledge along with the relationship of different knowledge from client's side in order to c1assity the requirements. Technical and domain knowledge is needed for requirements classification [38] . Requirements prioritization deals with the conflict resulting from different stakeholders in REP [9] . To manage this conflict, the collected requirements needs to be prioritized based on the knowledge of developers and clients. Therefore, it is required to identity the interrelationship among knowledge and knowledge sources to reach an agreement among all stakeholders [38] [12] . Managerial knowledge plays an important role in this phase to manage the conflict. The process of knowledge flow analysis in KA identifies the relationship among knowledge and knowledge sources. Lastly, in requirements specification the requirements are documented in Software requirement specification (SRS) [9] [18] . SRS should include a thorough specification of the system requirements. Since SRS is critical to the success of any SD project , it should result in an unambiguous, complete and correct specification document [18] . Therefore, the knowledge which results in documenting the requirements needs to be assessed in order to ensure the quality of requirements. This knowledge includes domain, technical and individual. The relationship of KA and REP are depicted in Fig. 2 . As mentioned in Section I, both groups of clients and developers have different knowledge background [40] ; this cause knowledge asymmetry which is the main problem of REP [15] . REP is held accountable for making early decisions in SD. These decisions are based on the knowledge provided by the stakeholders. Since REP is the early phase of SD, it is essential to avoid mistakes in this phase. KA can be used to mitigate the mistakes occurring in REP through identification of knowledge sources and requirements knowledge in both groups as well as assessment of requirements knowledge for being complete, correct and understandable. By ensuring correctness, completeness and understandability of requirements knowledge mistakes can be avoided in REP [12] . The meanings of completeness, correctness and understandability are explained as follow.
Completeness of information is characterized as the extent of the number of response items and the number of real world items [41] . Completeness of requirements specifications is similarly defined the as considering and including all real life situations [42] . On the other hand, completeness of a knowledge base is defined as providing the answer to all probable situations that could arise within a domain [43] . On this basis, we define requirements knowledge as complete when there are adequate knowledge sources about that knowledge to answer all possible questions that could be arise within that domain [44] [45][41] [22] . Correctness is defined as being precise and accurate [42] . Correctness or accuracy of information is characterized as the number of correct values compared to the overall number of values [41] . Thus, we define requirements knowledge as correct when the number of errors regarding that knowledge is relatively low [46] [47][45] [22] . Understandability is about ease of understanding, and the degree to which the meaning of each statements can be comprehended by the user [42] [41] . Requirements knowledge in an organization is understandable when its meaning is perceived without difficulty and it is easily understood for using and sharing among knowledge users [45] [22] . When requirements knowledge is understandable the questions regarding that knowledge will be answered more completely and more correctly. These definitions are later used in Section 108 3 to explain the formula developed to compute completeness, correctness and understandability of knowledge.
C. Existing Studies of Knowledge in Requirement Elicitation
Process Several researches have been done to study knowledge in REP. However, there is lack of KA studies in REP. Inadequate literature about KA in REP is our motivations to do this research. Though, recently some researches have aimed to fill in gaps, but they mostly focus on different aspects of KM in software development.
To start with, the knowledge asymmetry and difference between clients' knowledge and developers' knowledge have been found to be a main barrier in REP [15] . Therefore, a knowledge conversion model was proposed based on SEC I (Socialization, Externalization, Combination, Internalization) Spiral Model to mitigate the problem of knowledge asymmetry during knowledge flow between clients, developers. The focus ofthis model is on the explicit and tacit nature of knowledge in REP and how these two types of knowledge transforms into each other. However, this study did not consider auditing and assessing the knowledge and the impact of knowledge assessment and KA on REP. On the other hand, the research approach in [17] concentrated on collective knowledge to extract the system requirements from a narrative of user stories to the definition of use cases. This approach suggested using a narrative story telling technique in REP and later evolving stories to a more formal description in form of scenarios and finally providing use cases. This approach supports knowledge exchange among stakeholders in REP. Although, this method did not consider assessing the exchanged knowledge in REP.
A semantic approach for REP was proposed which aims to encapsulate the domain knowledge into a domain model [48] . Even though this model tries to improve completeness and consistency of requirements by providing robust semantic supports for REP, but its mere focus is on domain knowledge. This model does not consider other categories of knowledge involved in REP such as technical knowledge, infrastructure knowledge, individual knowledge and managerial knowledge which are introduced by other researchers [49] . In regard with domain knowledge, this model identified different aspects of domain knowledge (Ontology, Role, Goal, Process and Service). Similarly this model did not consider assessing the knowledge in REP. In [50] domain knowledge was used to give meanings to requirements statements by using a semantic function in a new requirements elicitation method proposed. Domain knowledge such as documents and domain experts was used to extract requirements. Later, web mining was also used to propose a method and tool to enhance domain knowledge for REP [16] . This method also merely focused on domain knowledge. Additionally, the focus ofthis method was on the requirements not the domain knowledge which the requirements are extracted from. This study claims to improve the completeness and correctness of requirements by enhancing the domain knowledge but did not consider knowledge assessment.
A KM framework is developed to assist collaboration among developers and clients [18] . This framework found on the SECI model of knowledge creation, and aims to exploit tacit and explicit knowledge related to software requirements. This framework intends to facilitate a semantic based understanding of knowledge resources in REP by employing application domain and requirements ontology. This research completely reviewed REP activities, considering a knowledge based approach. However, this research did not consider KA as the beginning phase of KM to assess the existing knowledge in REP [21] . Thus, there is a need for KA to be conducted before conducting this KM framework in practice.
In [51] A Knowledge Audit Framework (KAF) was developed to evaluate knowledge sharing in system engineering. The framework aims to highlight weaknesses of knowledge sharing in system engineering. KAF discovers knowledge resources associated with each project, and identifies the way they are shared. Although, this framework claims that assists the systematic evaluation and assessment of knowledge sharing practices; but there is a lack of measurement criteria. Moreover, the validation of audit results is done subjectively by asking the project leaders ofthe audited organization. The audit team asked the project leaders to check the correctness ofKA results. This KAF was developed in the field of system engineering not specifically for REP.
As discussed above, there are several researches related to knowledge and KM in REP. Notwithstanding considerable number of studies related to knowledge in REP, there is a lack regarding KA in this field. Related researches are mostly about knowledge conversion, knowledge exchange, and KM. There is also a lack of assessing the knowledge in REP in previous researches. Furthermore, the major focus of previous studies was on domain knowledge, whilst different categories of knowledge are involved in REP. For this reason, there is a need to introduce a KA model with the focus on assessmg knowledge and proposing measurement criteria.
TTT. KNOWLEDGE AUDIT MODEL FOR REQUIREMENT ELICITATION PROCESS
To come up with the KA model for REP, firstly KA processes and components related to REP were identified based on the literature review. Then, an initial model was proposed; this model was described in [52] . The KA components were verified based on the results of a survey [46] . According to the results ofthe survey some modifications were done to model to represent it in a more understandable way. The refined model is presented in Fig. 3 and is explained as follows.
A. Knowledge Audit Processes in Requirement Elicitation
Process As shown in Fig. 3 in the KAP box, there are three KA processes. These processes are identified based on the literature as explained in Section IT. Each KA process results in identifYing specific components. The first KA process IS knowledge acquisition which identifies the two first components of KA. Knowledge acquisition is mainly conducted through surveys to ask the knowledge workers which knowledge and knowledge sources exist in their organizations. The second process is knowledge flow analysis which delivers knowledge inventory and knowledge map.
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Knowledge inventory results from the feedback of the survey done in previous process and knowledge map is produced by employing concept mapping technique. The last process of KA is knowledge assessment which assesses the knowledge in terms of completeness, correctness and understandability. 
B. Knowledge Audit Components in Requirement Elicitation
Process As shown in Fig. 3 in the KAC box, the first KA component is knowledge sources which was confirmed as the component of KA by 79.84 percent of the respondents in the survey. Knowledge sources possess the requirements knowledge. Requirements knowledge is the second KA component as confirmed by 98.65 percent of the respondents. Knowledge source and requirements knowledge are stored in knowledge inventory which is the third component of KA and 82.42 percent of the respondents confirmed the role of this component in KA. The relationships of sources and requirements knowledge are also stored in knowledge inventory. Along with knowledge inventory a knowledge map is produced in the process of knowledge flow analysis which graphically demonstrates the requirements knowledge, their sources and the relationships among them. Concept mapping and ontology were used to map the knowledge. This knowledge map based on ontology can improve REP as one of the SD activities by resolving the understandability of knowledge as stated in [53] [54] . The last KA component is the audited knowledge which is the outcome of knowledge assessment process. To assess the knowledge a method was developed by using scenario. Some questions were designed based on the scenario. For knowledge assessment, three criteria of correctness, completeness and understandability were calculated for each question. Based on the definitions of correctness, completeness and understandability in Section B a formula was developed to calculate each criterion for each question. Then, the mean was calculated for each criterion of correctness, completeness and understandability. To calculate the correctness of each question the following formula was used according to [55] : Correctness = (correct responses/ all correct options) -(wrong responses/ all options)
(1)
To calculate the completeness of knowledge the following formula was used according to [44] (2) Understandability is defmed as the degree to which the information can be comprehended by the user [41] . When the information is well comprehended by the user it means that the user can answer in a correct and complete way. Therefore, understandability is directly related by correctness and completeness. Hence, the following formula is used to compute the understandability: Understandability = (Correctness + Completeness) /2 (3) This knowledge assessment method is implemented and validated through a case study which confirms that the audited knowledge supports REP. The details of the method and the results will be published in future.
IV. CONCLUSION AND FUTURE WORK
In this paper, we have presented our study on KA in the field of REP. The focal aim of this research was to allay the problems of REP through a KA model and to provide an assessment method for the knowledge in REP. The problems of REP regarding knowledge were discussed, and the literature related to knowledge and KA in REP was deliberated. A KA model for REP was developed. The knowledge assessment method for REP also was presented. In future, it is targeted that our proposed KA model will be validated through a developed prototype based on the model to show its effectiveness in REP by improving completeness, correctness and understandability of requirements knowledge. In addition to that, this KA model should be further extended to other industrial strength case studies for more detailed evaluation.
